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Objective: To analyze, by primer-specific polymerase chain reaction (PCR) and ribotyping, coagulase-negative 
staphylococci (CNS). 
Methods: Forty-five clinical isolates of CNS were identified by the API ID32 STAPH system and ribotyping. Additionally, 
primer-specific PCR was evaluated for identification of clinical strains of Staphylococcus epidermidis. 
Results: Forty-five isolates of CNS from neonates with nosocomial bacterernia were studied. The results of the S. 
epidermidis-specific PCR were compared with those obtained using ribotyping and the API ID32 STAPH system. Excellent 
congruence was found between primer-specific PCR and ribotyping. Primer-specific PCR proved to be a fast and reliable 
method for the identification of S. epidermidis strains. According to the primer-specific PCR and ribotyping analysis, a 
few CNS isolates were found to be incorrectly identified by the API ID32 STAPH system. 
Conclusions: Primer-specific PCR is a fast and reliable method for the identification of S. epidermidis. Primer-specific 
PCR in combination with ribotyping is a promising approach for studying the epidemiology of S. epidermidis and other 
CNS species in hospital. 
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Coagulase-negative staphylococci (CNS) are abundant 
in the normal flora of skin and mucous membranes. 
The ability of CNS to cause clinically significant 
infections is becoming increasingly apparent [ 1-31. The 
species Staphylococcus epidermidis is predominant among 
the CNS isolated from clinical sources [4,5]. S. 
epidermidis is now recognized as an important 
nosocomial pathogen [1,2]. Bacteremic illness of 
varying severity caused by S. epidermidis has been 
reported [6-lo]. 
Identification of CNS is often performed using 
diagnostic kits based on biochemical or immunologic 
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reactions [I 1-15]. However, these kits are often 
unreliable for the identification of species of CNS, 
including S. epidermidis [16-191. Currently, ribosomal 
RNA (rRNA) analyses are the most powerfd methods 
for determining phylogenetic relationships among 
microorganisms and also for identification of species 
[20]. Ribosomal RNA genes are highly conserved in 
bacteria and analysis of restriction fragment length 
polymorphisms of rRNA genes (ribotyping) has been 
shown to be a useful method for the identification and 
epidemiologic typing of isolates of CNS [21-231. 
The main aims of the present study were: (1) to 
evaluate primer-specific polymerase chain reaction 
(PCR) for the identification of clinical isolates of S. 
epidermidis; (2)  to evaluate the relationships between 
clinical isolates of S. epidermidis using restriction 
fragment length polymorphisms (RFLP) of rRNA 
genes; and (3) to compare the RFLP analysis and 
primer-specific PCR with the API ID32 STAPH 
system (bio-Mhrieux, France). 
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MATERIALS AND METHODS 
korty-five clinical isolates of CNS were obtained from 
cultures of blood, urine, skin swabs, cerebrospinal fluid 
and bronchial secretions from neonates and from 
environmental specimens at  the Medical Academy of 
Wroclaw during 1994-95 (Table 1). All isolates were 
identified to genus level by standard laboratory 
techniques and were confirmed as being CNS by the 
API ID32 STAPH system (bio-Merieux). 
The primer-specific P C R  was performed using the 
primers p2 (5 ’-AAGGAGGTGATCCAGCCGCA-3’) 
and pSe (5’-ACTCTATCTCTAGAGGGGTCAG-3’) 
as described earlier [24]. PCR products were obtained 
by amplification of DNA directly from bacterial lysate 
[25]. 
For Southern hybridization studies, a 1549-bp 
fragment of S. epidermidis 16s rRNA generated by 
P C R  was labeled with digoxigenin 11-dUTP (Dig-11- 
dUTP) by the random priming procedure (Boehringer 
Mannheim). Chromosomal DNA (2 pg) isolated from 
45 clinical isolates of CNS and two reference strains 
(Table 1) was digested with HindIII, resolved by 
electrophoresis in 1% agarose, and transferred onto a 
nylon membrane (Boehringer Mannheim). Hybridiz- 
ation of DNA immobilized on a membrane was per- 
formed under stringent conditions with a 16s rDNA 
probe. For visualization of hybridization, the chemi- 
luminescent substrate CSDP application procedure 
was used as described by the supplier (Boehringer 
Mannheim). The membrane was exposed to Amersham 
Hyperfilm-MP (Amersham). Autoradiograms were 
digitized with a video camera (Cybertech, Berlin). 
RESULTS 
Forty-five isolates of CNS from neonates with 
nosocomial bacteremia obtained during 1994-95 were 
studied (Table 1). Isolates of CNS were identified to the 
species level with the API ID32 STAPH system (bio- 
Mkrieux, France) (Table 1). Species represented were 
S. epiderrnidis (rz=19), S. haernolyticus (n= 18), S. sirnulam 
(n=3), S. saprophyticus (n=2), S. capitis (n=l),  S. cohnii 
(n=l) and S. Izominis (n=l). 
To confirm the taxonomic status of 19 strains 
identified by the API ID32 STAPH system as S. 
epidevmidis, primer-specific P C R  for detection of S. 
epidermidis was investigated (Figure 1). Amplification 
was performed with the primer pair p2-pSe, of which 
one (pSe) corresponded to the unique sequence of the 
V6 variable region of S. epidermidis 16s rRNA [24]. 
Primer p2 was complementary to the highly 
conservative sequence which flanked the V8 variable 
region of 16s rRNA [26]. Amplification products 
(530 bp) were observed following P C R  o fDNA from 
the 14 of the 19 strains which had been previously 
identified by the API ID32 system as S. epidermidis 
(Table 1). In addition, the S. epidevmidis species-specific 
P C R  result was also positive for the strains identified as 
S. haemolyticus (C143 and D82) and S. capitis (11P) by 
the API ID32 STAPH system. 
In order to evaluate the relationships between 
clinical isolates of S. epidermidis and isolates of other 
CNS, RFLP of rRNA genes has been performed. 
Genomic DNA samples were digested with HindIII and 
hybridized with the labeled 16s rDNA of S. epiderrnidis. 
The ribotyping profiles obtained are presented in Figure 
1. Previous studies [21-231 and our own revealed that 
Hind111 is a suitable enzyme for differentiation of CNS. 
Using HindIII, we found a large variety of individual 
band patterns among S. epidermidis isolates and other 
CNS; for example, for patient A (Figure l), 10 isolates 
with eight different patterns were observed. RFLP 
analysis confirmed the results obtained by primer- 
specific PCR. AU of the strains that proved positive in 
the primer-specific PCR were identified by RFLP 
analysis as S. epidermidis (Figure l), including three strains 
which had been previously identified as S. haernolyticus 
(C143 and D82) and S. capitis (11P) by the API ID32 
STAPH system. According to the ribotyping analysis, 
five isolates of CNS identified as S. epidermidis by the 
API ID32 STAPH system turned out to be species of 
CNS other than S. epiderrnidis. These strains were also 
negative in S. epidermidis species-specific PCR. Thus, 
excellent congruence was found between ribotyping 
and primer-specific PCR (Figure 1). Ribotyping of 17 
S. epidermidis strains revealed nine different banding 
patterns. Four isolates (B44, G85, H76, H90) had 
profdes which were identical to that of the S. epidermidis 
type strain (20044, Figure 2). S. epidermidis strains 
isolated from the same patient did not always cluster 
together, e.g. A23 and A55. Ribotyping of 16 S. 
haemolyticus strains yielded 11 types (Figures 1 and 2). 
To determine whether analyzed isolates might be 
identified among the hospital staff, strains of CNS were 
isolated from the air of the Neonatal Care Unit. Each 
of 9 environmental isolates exhibited a different RFLP 
pattern. However, only two of them (4P and P11) 
matched the patterns seen in neonates. These two 
strains 4P and 11P were isolated from the air of room 
A of the Neonatal Care Unit, and the air of the 
premature baby room, respectively (Table 1). 
DISCUSSION 
The objective of this study was to investigate the value 
of primer-specific P C R  for identification of clinical 
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Table 1 
ribotyping 
Comparison of species identification of CNS by the API 321D STAPH system, primer-specific PCR, and 
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Strain Source API PCR” Ribotyping 
Clinical isolates 
A23 
A3 1 
A48 
A55 
A60 
A65 
A67 
A68 
A69 
A72 
B27 
B43 
B44 
C143 
C144 
D81 
D82 
D83 
D94 
D95 
E80 
E87 
F18 
F35 
F41 
F42 
F53 
F54 
G64 
G78 
G85 
H76 
H89 
H90 
I77 
I91 
Blood 
Blood 
Skin 
Blood 
Skin 
Blood 
Skin 
Skin 
S h n  
Urine 
Blood 
Blood 
Blood 
Bronchial secretion 
Bronchial secretion 
Bronchial secretion 
Bronchial secretion 
Skin 
Skin 
Blood 
Blood 
Skin 
Skin 
Blood 
Skin 
Blood 
Blood 
Skin 
Skin 
Cerebrospinal fluid 
Skin 
Blood 
Skin 
Skin 
Urine 
Skin 
Environmental strains 
1P Room 1 (NCU) 
2P Room 2 (NCU) 
4P Room A (NCU) 
5P Room A (NCU) 
7P Neonates room 1 
9P Neonates room 2 
1 0P Nurses room 
11P Premature room I 
12P Premature room 2 
Reference strains 
S. epidermidis 
S. huemolyticus 
S. epidermidis 
S. epidermidis 
S. huemolyticus 
S. epidermidis 
S. epidermidis 
S. haemolyticus 
S. epidermidis 
S. simuluns 
S. huemolyticus 
S. hominis 
S. rimuluns 
S. saprophyticus 
S. epidermidis 
S. haemolyticus 
S. huemolyticus 
S. haemolyticus 
S. huemolyticus 
S. huemolyticus 
S. haemolyticus 
S. huemolyticus 
S. epidermidis 
S. simuluns 
S. epidermidis 
S. epidermidis 
S. epidermidis 
S. epidermidis 
S. haemolyticus 
S. epidermidis 
S. epidermidis 
S. epidermidis 
S. epidermidis 
S. epidermidis 
S. haemolyticus 
S. epidermidis 
S. huemolyticus 
S. haemolyticus 
S. cohnii 
S. huemolyticus 
S. epidermidis 
S. saprophyticus 
S. huemolyticus 
S. haemolyticus 
S. haemolyticus 
S. capitis 
S. epidermidis 
DSM 20044 
DSM 20263 
S. epidermidis 
S. epidermidis 
S. huemolyticus 
S. epidermidis 
S. epidermidis 
S. huemolyticns 
Unidentifiable 
Umdentifiable 
Unidentifiable 
S. haemolyticus 
S. huemolyticus 
S. saprophyticus 
S. epidermidis 
S. epidermidis 
S. haemolyticus 
S. haemolyticus 
S. epidemidis 
S. huemolyticus 
S. haemolyticus 
S. haemolyticus 
Unidentifiable 
Unidentifiable 
S. epidermidis 
S. epidermidis 
S. epidermidis 
S. epidermidis 
S. haemolyticus 
Unidentifiable 
S. epidermidis 
Unidentifiable 
S. epidermidis 
S. epidermidis 
S. haemolyticus 
S. epidermidis 
Unidentifiable 
Unidentifiable 
Unidentifiable 
S. haemolyticus 
S. epidermidis 
S. saprophyticus 
S. haemolyticus 
S. haemolyficus 
S. haemolyticus 
S. epidermidis 
S. haemolyticus 
S. epidermidis 
S. huemolyticus 
’Primer-specific PCR for the identification of S. epidermidis. 
NCU, Neonatal Care Unit; DSM, Deutsche Sammlung von Mikroorganismen. Braunschweig, Germany. 
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Figure 1 Computer-generated representation of the 47 Hind111 pattern types (profiles) of CNS and S. epidermidis species- 
specific PCR. (A)-(I). patients; E m ,  environmental samples; 20044 and 20263, reference strains of S.  epidermidis and S. 
hnemolyticus, respectively. Strains identified by ribotyping as S. epidermidis are marked by bold bands. 
isolates of S. epidermidis. Primer-specific PCR allows 
the detection of small amounts of DNA extracted 
directly from bacterial colonies or from a standardized 
bacterial suspension [25]. Primer-specific PCR is much 
faster and more reliable for the identification of S. 
epidermidis than the commercially available API ID32 
STAPH system, allowing the assay to be performed in 
about 3 h. 
Ribotyping analysis has been widely used for 
comparing strains from a large variety of species 
because of its stability and reproducibility [20]. Nine 
and 11 different ribotyping pattern types were observed 
for the analyzed isolates of S.  epidermidis and S. 
haemolyticus, respectively (Figure 2). Heterogeneity of 
ribotypes within the same species has been described 
earlier for other CNS [27,28]. 
Primer-specific P C R  and ribotyping showed that 
some strains previously identified by the API ID32 
STAPH system as S. haemolyticus or S. cupitis should be 
classified as S.  epidermidis. Additionally, a few strains of 
S. epidermidis were found to be incorrectly identified by 
the API ID32 STAPH system. 
O n  the basis of the presented data, we conclude 
that: (1) primer-specific P C R  is a fast and reliable 
method for the identification of S. epidemidix; (2) 
analysis of the ribotypes of S. epidermidis and other 
strains of CNS revealed that there was no significant 
correlation between strains isolated from neonates and 
those isolated from environmental specimens; and (3) 
primer-specific PCR in combination with the 
ribotyping is a promising approach for studying the 
epidemiology of S. epidermidis and other species of 
CNS in hospital. 
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Figure 2 Dendrogram showing the relationships among S. epidermidis strains and other strains of CNS based on the 
ribotyping. The dendrogram was constructed by the unweighted pair-group method. (A)-(I), patients; ll', 2P, 4P, 5P, 7P, 9P, 
lOP, 11P, 12P, environmental samples; S. s., S. saprophyticus; Un, unidentifiable; 20044 and 20263, reference strains of S. 
epidermidis and S. haemolyticus, respectively. Strains identified by primer-specific PCR and ribotyping as S. epidermidis are 
marked by bold lines. 
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